Background: Studies have demonstrated that periodontal disease is associated with the development of systemic complications in patients with type 2 diabetes mellitus (T2DM). The purpose of this pilot study was to investigate which markers among various systemic disease parameters are affected by periodontal treatment in patients with T2DM. Methods: Twelve patients with T2DM were given oral hygiene instructions and subsequent subgingival scaling and root planing. The periodontal status was recorded, and blood and urine samples were taken to measure various parameters of glucose control and systemic status at baseline and 1 month following the periodontal treatment. Serum concentrations of tumor necrosis factor-α and high-sensitivity C-reactive protein were measured by enzymelinked immunosorbent assay. Results: After the periodontal treatment, the glycated hemoglobin value was significantly improved. The levels of urinary N-acetyl-β-D-glucosaminidase and albumin, which are markers of renal dysfunction, also decreased significantly after treatment. Among the parameters measured in serum, the γ-glutamyl transpeptidase level, which is usually interpreted as a marker of liver dysfunction, was significantly reduced. The serum concentrations of tumor necrosis factor-α and high-sensitivity C-reactive protein were also significantly reduced by periodontal treatment.
Background
Type 2 diabetes mellitus (T2DM) is a group of metabolic diseases characterized by hyperglycemia resulting from resistance to insulin action and an inadequate compensatory insulin secretory response. The chronic hyperglycemia of diabetes is associated with long-term damage, dysfunction, and failure of various organs.
Periodontitis, a common infectious disease, is regarded as a systemic inflammation. It produces some inflammatory cytokines in the local tissue and increases their circulating levels. Some studies have suggested a bidirectional relationship between T2DM and periodontitis [1] . It is known that diabetic patients have an increased risk of periodontitis, and that, once established, their periodontitis is more severe [2] . On the other hand, both direct and indirect evidence supports the concept that periodontal infection adversely affects glycemic control in people with diabetes [3] .
Intervention studies examining the effects of periodontal treatment on glycemic control in diabetic patients with periodontal disease have generally shown a beneficial effect, with reduced glycated hemoglobin (HbA1c) levels [4] [5] [6] [7] , although not all studies confirmed this improvement [8] . Furthermore, some studies have demonstrated that periodontal disease is associated with the development of other systemic complications in diabetic patients, such as cardiovascular disease and renal disease [9] [10] [11] [12] . However, it is still unclear whether periodontal treatment influences medical status other than glycemic control in such patients. The aim of this pilot study was to investigate which markers among various systemic disease parameters are affected by periodontal treatment in patients with T2DM.
Methods

Study subjects
Twelve subjects (mean age: 62.1 years; 7 males and 5 females) diagnosed with type 2 DM and chronic periodontitis were selected from the population referred to the Periodontal Clinic and to Internal Medicine at Meikai University Hospital. Criteria for inclusion were: type 2 DM diagnosed for >1 year, no change in DM treatment during the study, and presence of chronic periodontitis. Chronic periodontitis was diagnosed according to the criteria of the American Academy of Periodontology [13] . The exclusion criteria were: HbA1c ≥ 8%, any form of periodontal treatment in the previous 6 months, pregnancy, bleeding disorders, and any serious systemic diseases. Three subjects were taking prescribed insulin, and four subjects were smokers.
Experimental design and treatment protocols
The patients received individually tailored intensive oneon-one oral hygiene instruction at several visits. Then, as the standard treatment for periodontitis, scaling and root planing per quadrant were performed using ultrasonic instruments and Gracey curettes (Hu-Friedy, Chicago, IL, USA). The periodontal parameters were recorded at baseline and at the first month following periodontal treatment. The following clinical parameters were recorded: number of teeth, probing depth (PD), and bleeding on probing (BOP). The PD and BOP were measured at six sites per tooth (mesio-buccal, mid-buccal, disto-buccal, disto-lingual, mid-lingual, and mesio-lingual). Venous blood and urine samples were taken at baseline and at the 1-month recall visit to monitor glucose control and systemic status. For the metabolic assessment, the blood samples were analyzed for fasting plasma glucose (FPG), immunoreactive insulin (IRI), and HbA1c (National Glycohemoglobin Standardization Program [14] ) by a commercial laboratory (BML Inc., Tokyo, Japan). The homeostasis model assessment ratio (HOMA-R) index, which indicates the state of insulin resistance, was calculated based on the IRI and FPG [15] . The body mass index (BMI) was calculated by dividing the body weight by the square of the height. Concentrations of urinary N-acetyl-β-D-glucosaminidase (NAG) and albumin, which indicate renal disease such as diabetes-associated nephropathy, were measured in the urine samples by the commercial laboratory (BML Inc.).
Biochemical parameters
Concentrations of total protein, albumin, bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), γ-glutamyl transpeptidase (GGT), urea nitrogen, creatinine, uric acid, IgG, IgM, IgA, IgD, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides in blood samples were measured by the commercial laboratory (BML Inc.).
Measurement of tumor necrosis factor (TNF)-α and high-sensitivity C-reactive protein (hs-CRP)
The serum concentrations of TNF-α and hs-CRP were determined by enzyme-linked immunosorbent assay using commercially available kits for human TNF-α (Human TNF-α US, Invitrogen, Carlsbad, CA, USA) and human hs-CRP (C-Reactive Protein Kit, Hemagen Diagnostics, Waltham, MA, USA). All reagents and samples or standard solutions were added to a 96-well plate coated with murine monoclonal antibody against each protein and kept for 2 h. After subsequent treatment for 1-2 h with alkaline phosphatase-conjugated polyclonal antibody, reaction with p-nitrophenyl phosphate was carried out for 20 min. Trisodiumphosphate solution was then added to stop the reaction. The absorbance of each well was measured at 450 nm, and the concentration of each protein was calculated from standard curves.
Statistical analysis
Statistical analyses were conducted using SPSS software (version 20.0; SPSS Japan, Tokyo, Japan). Differences between means at baseline and post-treatment were evaluated using the Wilcoxon signed-rank test. Spearman's rank correlation coefficient was used to evaluate correlations between clinical parameters. Differences were considered significant at P ≤ 0.05. Table 1 shows the values of clinical parameters before and after periodontal treatment. The mean PD, PD ≥ 4 mm, and BOP were significantly improved after non-surgical Table 2 . The HbA1c level was significantly reduced after periodontal treatment. There was a tendency towards decreases in the levels of FPG, IRI, and HOMA-R, but these changes were not significant. There was little change in BMI. The levels of urinary NAG and albumin decreased significantly after treatment (Table 3) .
Results
While the changes were not significant for most of the biochemical parameters in the blood after the nonsurgical periodontal treatment, the reduction in the level of GGT was significant (Table 4) . Although the change was not significant, periodontal treatment also tended to reduce the levels of AST, ALT, and LDH. The levels of urea nitrogen and creatinine tended to improve after treatment, but not significantly. The blood levels of total protein, albumin, bilirubin, and uric acid changed minimally after treatment. No significant changes were seen in immunoglobulins and lipid components after treatment. Although there was a slight decrease in the LDL cholesterol level and a slight increase in the HDL cholesterol level, the changes from baseline were not significant. Regarding the inflammatory biomarkers, the levels of TNF-α and hs-CRP were significantly decreased after periodontal treatment. Table 5 presents the correlation analysis between clinical parameters that were significantly decreased after the periodontal treatment. Significant positive correlations were observed among mean PD, PD ≥ 4 mm, and BOP, and between urinary NAG and urinary albumin. In addition, PD ≥ 4 mm showed a significant positive correlation with urinary albumin. Urinary NAG and albumin were significantly correlated with hs-CRP. Correlations between reductions in clinical parameters are shown in Table 6 . ΔMean PD was significantly correlated with ΔPD ≥ 4 mm. Furthermore, Δmean PD and ΔPD ≥ 4 mm showed significant positive correlations with ΔTNF-α.
Discussion
In the present study of T2DM patients, urinary NAG and albumin, which are markers of diabetic renal disease, decreased significantly after periodontal treatment.
The serum levels of urea nitrogen and creatinine, which are markers of renal damage, also tended to improve after treatment. In addition, the concentration of urinary albumin was significantly correlated with PD ≥4 mm at baseline. Therefore, it was suggested that periodontal treatment in patients with T2DM might improve kidney function, directly or indirectly. A proposed mechanism for the effect of periodontitis on the development of renal disease is as follows. Individuals with significant periodontitis have chronic and recurrent episodes of low level bacteremia [16, 17] . Circulating periodontal pathogens in the bloodstream could lead to renal endothelial damage. The lipopolysaccharide of periodontal pathogens may induce the secretion of inflammatory mediators, including interleukin 6, TNF-α, prostaglandin E2, and thromboxane B2. These cytokines accelerate atherogenesis, thrombus formation, and platelet aggregation [18] . Additionally, thromboxane has potent vasoconstrictive properties [19] , and, speculatively, chronic production of this substance may lead to a chronic decrease in renal blood flow [12] . On the other hand, periodontal treatment may affect renal function indirectly. Diabetic renal disease is one of the diabetic complications. As a result of improved glycemic control by periodontal treatment, renal function may improve. Although increased serum GGT activity is usually interpreted as a marker of alcohol abuse and liver dysfunction, parallel evidence from epidemiological studies suggests that higher serum GGT levels are also associated with the metabolic syndrome [20] , hypertension [21] , and diabetes [22, 23] . In the present study, the GGT level decreased after periodontal treatment. The levels of AST and ALT, which are also markers of liver damage, tended to decrease. Regarding periodontal diseases, there are few reports about GGT. It has been reported that GGT blood levels were positively associated with attachment level in alcoholic persons, but not in non-alcoholic persons [24] . On the other hand, there are some reports about a relationship between periodontal diseases and liver disease [25, 26] . The present data appear to support such reports. There are two possible pathways for liver injury by periodontal disease, a direct pathway by periodontopathic bacteria and an indirect pathway by cytokines including TNF-α induced by bacteria and lipopolysaccharides. TNF-α plays a role in the pathogenesis of liver injury [27] . In the present study, GGT might have improved due to blockage of these two pathways by periodontal treatment.
The good healing response of T2DM patients to nonsurgical therapy in the present study confirms the results of previous investigations [28, 29] . The HbA1c level was significantly decreased after non-surgical periodontal treatment. The possible confounding factors may include changes in DM treatment and BMI during the study. However, since no changes were observed in them, this suggests that glycemic control might have been improved by periodontal therapy. Although periodontal therapy was performed for patients with T2DM whose HbA1c was > 10% in some studies, HbA1c levels should be controlled before periodontal therapy to avoid the risk of postoperative infection [30] . In this study, the HbA1c level was controlled to less than 8% to adapt to the clinical situation. The mean HbA1c at baseline was 7.2%, which is lower than that in other studies. Nevertheless, it was noted that the diabetic parameters were significantly decreased.
In periodontitis, up-regulated proinflammatory cytokines contribute to periodontal tissue destruction [31] . It has been demonstrated that TNF-α has a role in osteoclastogenesis in mice [32] , and recombinant TNF-α has been shown to accelerate periodontitis in rats [33] . TNF-α also induces insulin resistance in T2DM [34] . In addition, it has been shown that urinary TNF-α levels are associated with the presence and severity of microalbuminuria in patients with T2DM [35] . Thus, TNF-α appears to be a key mediator in the pathogenesis of periodontal disease, T2DM, and diabetic renal disease. In patients with periodontitis and T2DM, increased TNF-α levels are associated with increased attachment loss [36] . In the present study, serum TNF-α was shown to be significantly decreased by periodontal treatment. Furthermore, Δmean PD and ΔPD ≥ 4 mm were significantly correlated with ΔTNF-α. Therefore, it was suggested that periodontal treatment is effective in improving metabolic control in patients with T2DM, possibly through reduction in the serum concentration of TNF-α and decreased insulin resistance. Though some studies have shown improved glycemic control with periodontal treatment in T2DM patients through reduction of peripheral TNF-α concentrations [37, 38] , no reduction in serum TNF-α levels has been found following periodontal therapy in T2DM patients in other studies [39, 40] . However, a recent systematic review found that periodontal treatment reduced serum levels of TNF-α and CRP in T2DM patients [41] . CRP, an important mediator of inflammation, is mainly synthesized in the liver. Elevated serum CRP is associated with both periodontitis [42, 43] and T2DM [44] . Meta-analyses and systematic reviews of the relationship of CRP to periodontitis have shown consistently higher CRP levels in patients than in controls [42, 43] . In a meta-analysis of 4 randomized clinical trials [43] , CRP levels were significantly reduced after the start of periodontal treatment. There is agreement between the findings of both meta-analyses and the results of the present study. In addition, the hs-CRP level was shown to be correlated with urinary NAG and albumin in the present study. A recent study showed that serum hs-CRP levels were associated with a subsequent risk of developing diabetic nephropathy in type 2 diabetic patients [45] .
Conclusion
This pilot study showed that clinically successful nonsurgical periodontal treatment improved not only the level of glycemic control, but also the levels of NAG and albumin in the urine and GGT in the serum among various systemic disease markers. These findings suggest that periodontal treatment is effective not only in improving metabolic control, but also in reducing the risk of diabetic renal and liver disease in patients with T2DM. However, the present study has one limitation in that it lacked a group of T2DM patients who were not undergoing periodontal treatment; thus, how these patients would progress remains unknown. Another limitation was the small sample size. Thus, future studies of T2DM patients involving larger samples and a control group are needed to clarify how metabolic control and markers of diabetic liver and kidney diseases are affected by periodontal therapy. 
